The number of recombinants obtained from matings between Hfr and F-strains of Escherichia coli is drastically reduced by the presence of a mutation in the recA gene of the recipient (13) . However, recA mutations do not totally abolish the formation of transconjugant clones in such a cross. Low (26) found that the rare progeny that are obtained could be grouped into two classes: donors and nondonors. The donors were clearly F' strains as shown by their Tra+ (i.e.. transfer proficient) phenotype. The nondonors (Tra-) were refractory to the F--specific phage OII. As the inhibition of XII growth is a Fdetermined phenotype, Low concluded that these strains carried mutant F' plasmids (26) .
Tra-F' elements have been extensively characterized recently. These studies have led to the characterization and mapping of fourteen tra genes (35, 39, 40, 42; Fig. 1 ). Twelve tra genes comprise one operon and two comprise a second (2) . Nine of the twelve in the first operon (traG, H, F, C, B, K, E, L, and A) are required for the elaboration of F pili; three (traS, D, and 1) are not (41) . A mutation in any one of the first nine cistrons results in the absence of F pili from the cell surface and an inability of the affected strain to engage in any F pilus-dependent IPresent address: Department of Chemistry, California Institute of Technology, Pasadena, Calif. 91109. process (conjugal transfer, adsorption of Fspecific phage). Mutations in traD and traI also cause loss of donor ability, but do not affect F pilus production. traD mutations do, however, prevent productive infections by f2, although fl infection of traD-strains is normal (3) . traS controls entry exclusion (40) ; traS+ strains are poor recipients during logarithmic growth, whereas traS-strains are good recipients (2, 42) . traJ, the 13th mapped tra gene, is a regulator gene involved in positive control of the larger tra operon (1, 2) , whereas traO, adjacent to traJ (Willetts, personal communication) , is cis-dominant, distinguishing them from most previously described tra mutations (4, 32) . In addition to these mutant F' strains, a minority of nondonor progeny of the matings between Hfr donors and the recA-recipient were found to be F-strains. The existence of the F-isolates allows an estimation of the maximal amount of recombination which can occur in one recA56 strain.
MATERIALS AND METHODS Bacterial strains. The strains used are described in Table 1 .
Nomenclature. In general the recommendations of Demerec et al. (15) were followed. In the case of plasmid nomenclature, the recommendations of Achtman et al. (3) and Novick, Clowes, Cohen, Curtiss, Datta, and Falkow (personal communication) were followed. The following abbreviations are used: Rec, recombination; Spc, spectinomycin; Sm, streptomycin; Nal, nalidixic acid; Tra, transfer; Leu, leucine; Arg, arginine; Lac, lactose; Sfx, entry exclusion. When used with these abbreviations, "--" stands for dependent, deficient, or nonutilizing, and "+" stands for independent, proficient, or utilizing. Superscript "s" stands for sensitive and superscript "r" stands for resistant.
Phages. Lysates of T6, f2, and XII were prepared and assayed as described by Achtman et al. (3) ; fd was prepared in the same manner as f2. f2 and fd were grown on JC2625; /41 was grown on AB1157. T6 phage were concentrated by centrifugation in a Spinco type 19 rotor at 18,000 rpm or a type 30 rotor at 25,000 rpm for 1 h at 5 C; the pellets were suspended as described (3) .
Media. L broth contained (per liter of water): 10 g of tryptone, 5 g of yeast extract, and 10 g of NaCl.
Buffer 56 contained 612 ml of 0.1 M Na2HPO4, 389 ml of 0.1 M KH2PO4, 200 mg of MgSO4.7H20, 2 g of (NH4)2SO4, 10 mg of Ca(NO3)2, and 5 mg of FeSO4 7H20; a twofold dilution, 56/2, was routinely used as a minimal medium supplemented with 0.2% sugars, 0.005 to 0.02% amino acids, 0.2 ug of thiamine per ml, and 50 to 100 Ag of drugs per ml, as necessary.
Agar (2%) was added to each of these for solid media. A composite map of the sex factor F derived from published and unpublished studies. traI, traS, traG, traF and traC have been mapped by deletion-studies and lie between 72.9 and 94.5 (23, 35, 39) . Dotted lines join some symbols to the map because their approximate locations have been determined by heteroduplex mapping of deletion mutants (27; Guyer and Davidson, unpublished data). The relative order of other tra genes has been determined by complementation mapping of deletion mutants (23) . The origin of transfer replication (ori) is represented as an arrowhead. It is located counterclockwise of traJ (41) and clockwise of 62 (Guyer, Clark and Davidson, manuscript in preparation). The attachment site of F to the chromosome in AB312 has been determined by Guyer and Davidson (unpublished data). The replication genes have been located by analysis of (13) .
Acridine orange curing. The procedure of Bastarrachea and Willetts (7) was followed except that fewer than 1,000 cells/ml were inoculated into 5 ml of medium. For Rec-strains, the effects of both 5 and 25 lAg of acridine orange per ml were tested. Incubation was continued for up to 96 h. The stability of mutant plasmids was measured in control cultures from which acridine orange was absent.
Entry exclusion. Entry exclusion (called surface exclusion by Achtman et al. [3] ) is an F-determined trait which inhibits the production of recombinant progeny when an F' strain is used as a recipient in a cross with an Hfr strain. It is quantitated by comparing the number of recombinants produced by an Frecipient with those produced by a syngenic F' recipient (4) . In the present experiments JC7133 was used as the F-control strain. All the F-strains tested were recA-. To produce recombinants, therefore, it was necessary to use an Hfr from which recA+ is transferred prior to the selected marker; under these conditions zygotes are phenotypically Rec+ (44) . To satisfy this condition, ED1032 (10) Incompatibility. The inability of certain pairs of plasmids to coexist stably in the same cell is due to incompatibility (29) . Thus, one criterion for the presence of a marker on an F' plasmid in a given strain is the loss of that marker after the strain has inherited a superinfecting F' plasmid.
To c Revertants were sometimes found in the populations of the recA -strain JC7133 when appropriate samples were plated on the medium used to select transconjugation. The number of these revertants is reported as a percentage of the number of colonies which appear on the same selective medium after mating. This percentage is expected to equal the percent F-colonies among those found on selective medium after mating.
d6.4-ml donor + 57.6-nl recipient; 30-min mating at 37 C in one experiment and 45 min in second experiment; interrupted by vortex treatment followed by treatment with the mating interrupter.
'5-ml donor + 45-ml recipient; 45- (Table 1 ). An Hfr with the origin at P012(AB312) and a double male Hfr (JC182, reference 12), with origins at both PO1 and P012, were also crossed with JC7133, as was an Hfr(ED1009) formed by the integration of F42-114 (10) at or near P012. These donor strains were chosen for the isolation of rare F' progeny to determine if there were any obvious differences based on point of origin of transfer, and for purposes that will be the subject of subsequent publication. Data for these crosses are also shown in Table 2 ; the results are very similar to those obtained with the HfrH donors, demonstrating that the site of integration of F on the main bacterial chromosome does not affect the generation of progeny in matings with a RecA-recipient.
Characterization of the F' progeny from Hfr x recA-F-matings. The distinction of F' from F-strains is usually based on the Tra+ phenotype of F' strains; F-strains are Tra-. Low (26) had reported, however, that some of the Tra -strains obtained in an Hfr x recA -Fmating are actually F' strains. Table 3 shows the properties of a few of the progeny obtained in these experiments that confirm this conclusion. The properties of five Leu+ [Smr] strains sired by JC7105, two of which are Tra+ and three of which are Tra-, are shown in Table 3 . All three Tra-strains behaved identically with respect to their donor abilities and responses to two F pilus-specific phages. Furthermore, JC7293 is as sensitive to the F--specific phage XII as is the F-control JC7133. In contrast, JC7191 and JC7193 were found to be somewhat resistant; the response of the latter two strains to XII was intermediate between that of the Tra+ F' strains (which was resistant, as expected) and that of JC7133. The partial resist- "The phage response was assayed by plaque formation. S, Plaques were formed at the same frequency as on the positive control strain; R, no plaques were observed. In the case of XII, SR indicates that the number of plaques formed was 2-to 10-fold fewer than on the F-control but 10-to 50-fold higher than on the F-containing control and that the plaques were smaller than on the F-control but larger than on the F-containing control.
c AO, Acridine orange.
d+, Presence of a satellite peak in a Sarkosyl extract as determined by dye-buoyant density centrifugation. NT, Not tested.
e NR, Not recorded.
ance suggests that JC7191 and JC7193 have inherited some trait(s) determined by F and are probably F' strains. This hypothesis was confirmed by two further tests. First, the stability of inheritance of the leu+ gene in the Tra-isolates was determined after growth in the presence of acridine orange under nonselective conditions. Although cultures of JC7133 and JC7293 showed no detectable segregants in this test, the cultures of four other strains consisted exclusively of Leu-cells after exposure to the drug (Table 3) . Therefore, it is clear that the latter four strains had not inherited leu+ by stable chromosome attachment. The most likely explanation is that these four strains, those which are Tra-as well as those which are Tra+, carry leu+ on plasmids.
Secondly, the presence of plasmid DNA was assayed by equilibrium density gradient centrifugation of total cellular DNA in the presence of ethidium bromide. Like the parent F-strain JC7133 (Fig. 2a) , the Tra-strain JC7293 contained no plasmid DNA (Fig. 2b) . The Trastrain JC7193, on the other hand, did display a second peak of radioactivity-labeled DNA at a density higher than that of the bulk cellular DNA (Fig. 2b) , as did the Tra+ control (Fig. 2a) .
The presence of such a satellite band in this assay confirms the presence of a plasmid in the Tra-strain JC7193. These results are consistent with the hypothesis that the Tra-isolates harbor Fleu+ plasmids.
The same type of analysis was performed on the Arg+ [Smr] progeny of a mating between Hfr AB312 and JC7133. The data for one Tra+ and four Tra-isolates are also shown in Table 3 . Basically, the same results as with the Leu+ F' strains were obtained and the Tra-Arg+ isolates were determined to be F' strains. There were some differences between the Leu+ and Arg+ strains and among strains of each phenotypic class which will be dealt with below.
In conformity with the recommendations of Novick et al. (personal communication) we have assigned the plasmids in each F' strain an identification number as indicated in Table 3 . Furthermore, we have indicated that the Trastrains probably inherit tra mutant plasmids and have assigned tra mutant isolation numbers to these mutants.
Nature of the transfer defect. Most of the F' strains isolated from the Hfr x RecA-Fmatings are Tra-and resistant to F-specific phages. The inability of an F' strain to act as a donor and resistance of an F' strain to both f2 and fd (used in place of fl) phage are characteristics of an F' plasmid carrying mutations in traG, H, F, C, B, K, E, L, A, or J (39). To determine which, if any, of the genes is affected in the Hfr-sired mutants, several of these traplasmids weretested for their ability to complement mutations in individual tra genes. As had been described (4), complementation between plasmid-borne tra-mutations can be measured Mutations in any of nine tra genes were not complemented by tra-421, the mutation carried by the Tra-F'leu+ plasmid pJC28 in strain JC7191 (Table 4 ). The tra genes tested in this experiment included traJ, traD, and seven of the F pilus-determining genes. Since tra-421 affects genes in each of the two tra operons, this result can most easily be explained by the hypothesis that tra-421 is a deletion mutation; hence we will subsequently denote it as traA421 (strictly speaking, this mutation should be designated traD(S)GHFCB(K)E(L)AJ421 [15] . As this is awkward, the notation traA421 is used instead). All nine tra genes that were tested must be included within the deletion, as must traK, traL, and traS, since the latter three cistrons map among the nine tested. A suppressible traI mutation was not available, so it was not possible to determine, by this technique, whether or not the traI+ allele is carried by pJC28. At the least then 12 of the 14 mapped tra genes, and perhaps all, are deleted in the case of pJC28.
Given the nature of the traA421 deletion, other mutant F' plasmids were tested for the ability to complement only traD14 and traJ90, assuming that if the wild-type alleles of these outside markers were missing, then all of the genes between them must also be deleted. Twenty-two of the 24 plasmids tested were found to be both traD-and traJ-. The strains tested included nine additional Tra-Leu+ strains sired by JC7105 (isolates obtained in the two different matings), four sired by the recAHfr JC7205, six Tra-Arg+ strains sired by AB312, and five sired by ED1009 (Guyer and Clark, manuscript in preparation). Twenty-two of the Tra F' mutants thus appear to be similar to pJC28 in that they all carry deletions which cover most, if not all, of the known tra genes. Two Tra-Arg+ isolates were found to differ from the majority of the Tra-plasmids. pJC59 (derived from AB312 and carried in JC7247) was able to complement mutations in traC, B, E, A, and J while being unable to complement traD, G, H, and F mutations (Table 4) . Thus, the mutation tra-445 may be a deletion of at least five genes, traD, (S), G, H, and F. Alternatively, it may be a strong polar mutation in cis-Dominance of the tra mutations. In addition to measuring the transfer of the superinfecting plasmid (as in the previous section), the transfer of the resident plasmid from transient heterozygotes can be analyzed. This allows an assay of the recessiveness of the mutation carried by the resident plasmid. In general, the resident and superinfecting plasmids are found to be equivalent in terms of their transmission frequencies from the heterozygotes. This finding has been confirmed for strains of the JC7133 background employed in the present experiments by using tra-Flac+ plasmids as residents and by superinfecting with tra+ Fgal+ plasmids (data not shown). The point tra-mutations in these controls are completely recessive, preventing neither the transmission of the mutant plasmid nor of the wild-type plasmid from the heterozygotes.
As shown in Table 5 , the frequency of transmission of the resident pJC59 plasmid from the tra+ Flac+/pJC59 heterozygote is nearly as great as that of the superinfecting tra+ Flac+ plasmid. pJC59 is the mutant in which the expression of at least five of the tra genes is unaffected by the tra-mutation. pJC52, the second plasmid found to retain some tra gene activity, was also found to be recessive. In these experiments, a tra+ Flac+ plasmid was used for superinfection rather than a tra-Flac+ plasmid, as in the preceding section. Even so, the resident traFarg+ plasmid was at little or no disadvantage in transmission from the heterozygote.
Every traA plasmid which has been tested behaves differently from pJC52 and pJC59. The behavior of five such plasmids in the recessiveness tests is shown in Table 5 . The transmission of the resident plasmid from the three tra+ Flac+/traA-Farg+ heterozygotes and the two tra+FIac+/traA-F1eu+ heterozygotes tested was reduced at least 1,000-fold compared with the transmission of the recessive tra-plasmid pJC59. At the same time, however, the retransfer of the superinfecting tra+Flac+ plasmid in each of these five cases was similar to that observed from the tra+Flac+/pJC59 heterozygotes (there was a slight reduction seen in the cases of the trazVFarg+ heterozygotes but this is not representative; in other experiments the retransfer of the tra+ Flac+ plasmid was as high from heterozygotes containing pJC61 as from those containing pJC59). These five crosses provide evidence that the traA mutations are dominant in their effects on the mutant plasmids, but have no effect upon a tra+ plasmid in a heterozygote situation. This behavior was not limited to heterozygotes constructed with F42; tra+ Fhis+/traA-Farg+ heterozygotes were found to transfer Fhis+ efficiently and Farg+ very inefficiently. Therefore, we conclude that the traA mutations are cis-dominant rather than trans-dominant.
In all, 17 tra-Fleu+ plasmids and 24 traFarg+ plasmids were tested in this fashion. Thirty-nine of these displayed a cis-dominant transfer deficiency; this group included all 22 mutant plasmids directly shown to be traDand traJ-. Only two of the Farg+ plasmids (pJC59 and pJC52) carried recessive mutations. As noted, these are the only two mutants which have retained any detectable tra gene activity.
Other properties of the traA plasmids.
Some of the many Tra+ and Tra-F' strains isolated were tested for entry exclusion and plasmid incompatibility, although a systematic survey of all strains was not carried out. Entry exclusion was analyzed ( The DNA of pJC61 was isolated from a preparative 20 to 31% sucrose gradient, as shown in Fig. 3A . The appropriate pooled fractions as shown were then sedimented in a 5-ml 20 to 31% sucrose gradient before or after treatment with 0.25% sodium dodecyl sulfate. As shown in Fig. 3B , sodium dodecyl sulfate affects the sedimentation rate of the plasmid such that 70% is converted from the supercoiled, faster-sedimenting form to the more slowly-sedimenting, open circular configurations. The identification of the material in these two peaks as supercoiled and relaxed circles has been confirmed by electron microscopy (Guyer and Davidson, unpublished experiments). Unless the plasmid were in the form of a relaxation complex when isolated, this conversion would not be expected. UVr (the response to UV light was taken as a convenient measure of the allelic state of the recA locus). It is quite possible that this single UVr colony was derived from a Rec+ revertant ratLer than from conjugal transfer of recA+.
As Low had reported (26) , most of the rare progeny obtained under these circumstances were found to be F' strains. In all, 70 Traisolates, from crosses involving five different Hfr strains, were characterized as F' strains by two or more of the following properties: (i) partial or complete inhibition of plaque formation by the F--specific phage XII, (ii) a high segregation rate for the selected marker when the strain is grown in the presence of acridine orange, (iii) the presence of plasmid DNA in CsCl-ethidium bromide gradients, and (iv) the exertion of or sensitivity to plasmid incompatibility.
Genetic analysis of the transfer deficiency of the mutant plasmids revealed that, with two exceptions, the Tra-F' plasmids were unable to complement traD and traJ point mutations. A more complete analysis demonstrated that one mutant, pJC21, was unable to complement mutations in seven other tra genes. traD is the most operator-distal tra gene which could be used in these tests; failure to complement implies a traD mutation or a strong polar mutation in one of the ten more operator-proximal tra genes. traJ lies outside the main tra operon, so that failure to complement traJimplies a traJ mutation. The simplest hypothesis to explain the occurrence of mutations in both traJ and the large tra operon is that a deletion mutation has occurred. This hypothesis has been confirmed by heteroduplex mapping (Guyer and Davidson, unpublished data) VOL. 125, 1976 on April 6, 2017 by guest http://jb.asm.org/ Downloaded from which has shown the existence of deletions in all five of the Farg+ plasmids which have been studied to date. The deletions, which range in size from 50 to 62% of the F genome, cover the region in which the tra genes, including traI, are known to be located (35) .
In addition to the failure to complement the traD-and traJ-mutations, most of the deletion mutations tested had another unique property in common: the Tra-phenotype was cis-dominant. This was detected as the inability of transient heterozygotes of the tra.-F' and a tra+ F' to transfer the traA-plasmid at the same high frequency with which the tra+ plasmid was transferred. cis-Dominance of certain deletions of an Hfr F element has previously been noted by Willetts (41) . He attributed the cis-dominant effect to the deletion of the transfer origin ori, the hypothetical site for the initiation of transfer replication. This hypothesis can account for the behavior of the traA-F' plasmids we have described if they too have suffered a deletion of ori. Another possibility has not been excluded, however. A gene whose product is cis-acting and required for transfer may have been deleted. Henry and Knippers (21) have recently shown that the product of the A gene of OX174, which is required for RF replication (17) , is a cis-acting protein. By analogy, it is possible that such a gene product may participate in transfer replication. No independent evidence has been presented to discriminate between the properties expected of a mutation of ori (which produces no gene product) and those expected of a mutation of a gene with a cis-acting product so these two hypotheses can not be distinguished.
Two tra-Farg+ plasmids were detected which were capable of complementing traJ90 and several other standard tra mutations. It is possible that these plasmids carry strong polar mutations, one in traF (pJC59) and the other in traG (pJC52). Likewise it is possible that these plasmids have suffered short deletions. Regardless of their nature, both carried tra mutations that were recessive. The transmission of these plasmids, therefore, provides an appropriate comparison against which to view the cis-dominance of the majority of the tra-plasmids. Such recessive behavior nullifies the possibility that the transfer deficiency of the majority of F' strains is due to the JC7133 background rather than to a genetic property of the plasmids.
The inability of the traA mutants to be transmitted in the presence of a tra+ helper was not complete. Arg+ or Leu+ progeny were recovered in the transient heterozygote experiments at a low frequency, about 0.05% of the frequency with which Arg+ progeny were recovered in the case of the recessive plasmid pJC59 (Table 5 ). Thus, it is possible that the traA mutation can be inefficiently complemented. Alternatively, it is possible that the traA plasmids are absolutely incapable of autonomous transfer and that the very low frequency of transmission of these mutants from F42 or Fhis+/traA-F' heterozygotes is due to a low frequency of recombination between the two plasmids. In the case of pJC61 ( and the fusion of F' plasmids (3). The finding that wild-type F' plasmids are generated with the same absolute frequency in a recA -Hfr as in a recA + Hfr (Table 2) implies that F' formation by aberrant excision of F is another recA-independent process.
The traA mutants retain several important characteristics of F' plasmids even though they have suffered an extensive deletion. First, they remain capable of autonomous replication. This is indicated by the detection of covalently closed circular DNA from strains carrying the mutants and by the stability of the inheritance of the mutants during vegetative growth of those strains, except in the presence of acridine orange. Since plasmid replication and segregation are distinguishable (30) , the stability of inheritance also indicates that the segregation of the deletion mutants is normal. Thus, essential plasmid genes involved in replication and segregation (29) must in general be retained by the traA deletion plasmids. In a few cases, however, we noted some abnormalities whose significance is not clear at this time. Cultures of JC7211 (a Tra+ strain) and JC7191 (a Trastrain) contained a higher proportion of segregants produced by growth in the absence of acridine orange than cultures of two other Fleu+ strains (Table 3) . It is possible that the plasmids in the former strains carry genes which modify, to a greater or lesser degree, the action of gene products which are essential to the maintenance of the plasmids. Alternatively, the plasmids may carry genes which affect the survival of the strain carrying them relative to that of F-segregants under the conditions used. Another observation whose significance is unclear is that two of the Tra-Farg+ strains yielded very few Arg-segregants upon treatment with acridine orange (Table 3) . Such resistance to acridine orange curing may result from the presence of certain bacterial genes on the plasmid or the absence of certain plasmid genes. Further work is required to determine the basis of the resistance to acridine orange curing.
The traA plasmids also retained at least part of the incompatibility response characteristic of F' plasmids, in that they were not inherited in the presence of a second F' plasmid.
Finally, the mutant plasmids also retain at least partial ability to inhibit the multiplication of phage XII. This reflects the retention of one or more genes which determine either interference with the translation of late phage genes (28, 29) or the loss of necessary metabolites to the medium (9) . One of the few differences between the mutant Farg+ and the Fleu+ mutants concerned the ability to inhibit the growth of XII. The Farg+ plasmids determined a wild-type level of inhibition, whereas the Fleu+ plasmids determine inhibition of XII (Table 3 ) and T7 (R. Condit, personal communication) at an intermediate level. Our working hypothesis is that there is a difference in the site on F to which the chromosome has attached in producing the two Hfr strains from which the two types of plasmids were derived. A differential deletion of material in the attachment region leading to the traA F' plasmids may, in turn, lead to a differential ability to prevent the development of the phages or to a differential dependence of the F-determined XII and T7 inhibition on the host genetic background. The latter hypothesis is consistent with the effects of the host's genotype noted by Skurray and Reeves (36) and by Chakrabarti and Gorini (9a).
The observation that individual traA mutants differ in the extent to which they have retained certain plasmid-specific properties presents the opportunity to correlate the extent to which any one property has been affected in a given mutant with the extent of the deletion affecting that mutant, and in this way locate the responsible genetic determinants on the map of F. This approach must be used with caution, however, since the individual differences may also be caused by the substitution of different extents of bacterial DNA for deleted F genes or by the particular genes which have been substituted. For example, merodiploidy for a particular bacterial gene may retard growth or increase the stability of the membrane during infection or even affect the susceptibility of a plasmid to incompatibility. Thus, the desired correlations must eventually take into account both the extents and nature of deletion and substitution to be valid.
We will take up our investigation of the mechanism of formation of the cis-dominant traA plasmids in another paper (Guyer, Davidson, and Clark, manuscript in preparation). In anticipation it seems appropriate to point out here that the low transmissibility of the cisdominant traA-plasmids makes it very unlikely that they were formed in the donor strain and then were transferred to the recA-recipient. It seems likely, therefore, that they were formed in the zygote by repliconation of the exogenote (29) . Consequently, the structure of the plasmids may reveal characteristics of the proximally transferred portion of the Hfr chromsome.
Finally, our results differ from those previously reported by Low (26) in one respect. We found a number of F-colonies among the progeny of the Hfr x Rec-F-mating in addition to the majority F' class. This number exceeded the number of revertants found among the populations of JC7133 by as much as 20-fold. The excess of F-colonies must be composed of recombinants and/or mutants. If most are recombinants, then the residual level of recombination in the recA-strain can be estimated to be maximum of 10-" that of the wild-type level. Should any of the excess Fcolonies be mutants, then the possibility that there is a slight mutagenic effect of conjugation or the presence of the Hfr or its culture fluid on the F-must be considered. It might be possible to determine to what extept mutation or recombination produces the excess of F-colonies by using appropriate multiply marked Hfr and Fparents. In the present experiments, the F-had only one marker near each of the Hfr origins, precluding this assessment. 
